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Stability of the flow of a viscous incompressible fluid in a narrow gap between 
two concentric cylinders rotating in opposite directions is studied. Exact values of 
critical Taylor number for the first and second modes are derived by a numerical 
procedure and these are compared with the known results. It is observed that the 
value of the critical Taylor number T,,,, decreases with increasing the values of a 
parameter N (N= Ra/T, Ra = Rayleigh number, T = Taylor number), and the rate 
of decrease in the value of T,,,, is more when the two cylinders rotate in the 
opposite directions. ‘r 1985 Academic Press, Inc. 
1. INTRODUCTION 
The effect of rotation of the inner cylinder and the stability of flow of a 
viscous fluid in a narrow gap between two concentric cylinders was first 
studied by Taylor [22]. Taylor showed that the formation of vortices is 
governed by the values of critical Taylor number. These theoretical predic- 
tions were confirmed by experiments carried out by Schultz-Grunow and 
Hein [18], Coles [7, S], Nissan, Nardacci, and Ho [lS], and Schwartz, 
Springelt, and Donnelly [19]. Later on, Taylor’s stability problem was 
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again solved by Pellew and Southwell [ 163, Chandrasekhar [S], Di Prima 
[9], Duty and Reid [lo], and Harris and Reid [ 1 l] by different methods 
and they confirmed Taylor’s results. In all these papers, it was assumed 
that the two cylinders are at the same temperature and hence no radial 
temperature gradient exists. So in the narrow-gap Taylor stability problem, 
the effects of the presence of radial temperature gradient were studied by 
Chandrasekhar [6], Bjorklund and Kays [4], Hass and Nissan [ 123, Yih 
[25], Becker and Kaye [3], Ho, Nardacci, and Nissan [13], Waiowit, 
Tsao, and Di Prima [23], Walowit [24], Aoki, Nohira, and Asai [l], 
Bahl [2], Sharman, Catton, and Ayyaswamy [17], Kataoka [ 141, and 
Soundalgekar, Takhar, and Smith [20]. In the last paper, the values of 
Tcri, were derived numerically. 
However, in many practical applications, instead of the inner cylinder 
rotating alone, both the cylinders are rotating either in the same direction 
or in the opposite directions. The case of stability of flow in a narrow-gap 
region of two concentric cylinders rotating in the opposite directions is 
more interesting and important. Hence we now present the exact results for 
T,,,, for such an annular flow, derived numerically. 
2. MATHEMATICAL ANALYSIS 
The flow in an annular region of two concentric cylinders of radii R, and 
R, rotating with angular velocities Sz, and 52,, respectively, is considered. 
Following the analysis of Soundalgekar, Takhar, and Smith [20], we can 
show that the stability problem is governed by the following sixth-order 
differential equation, on dropping suffixes 
$-30’~+3u4$$% 
= -a’T[ 1 + a’5 + N( 1 + 2a’t + a’*t2)] 0 (1) 
with boundary conditions 
2 
v=o, dv 
d3v dv 
2- 
& 
a2V=O, ---2--o 
dt3 & 
at ( = 0, 1. (2) 
The non-dimensional quantities are defined as follows: 
R,-R,=d, 
r-r1 
5=-p a=Ad 
R’ = 52, d2/v, 
V V2 
o=-, -==‘r,Qf 
rQl r 
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(u1, VI)= (u, v)IRQ,, 0, = cd, p+ 
1 
2AR’ 
a’=/,- 1, Tz - i-1 P=,, VI =sz,v2 
i2,d2 
Pe=- 
k 
(Peclet number) 
O,=O, (Pe’@R,) 
4Ad4f2, 
T= -~ 
V2 
(Taylor number) 
Ra= Pe.cQR,R’ (Rayleigh number) 
N = Ra/T. (3) 
Equation (1) is solved, on taking into account the boundary conditions 
(2), numerically on a high-speed computer and the numerical values of 
critical Taylor number, Tcrjt, are entered in Table I. In order to ensure the 
correctness of results, our results are compared with those available in 
earlier papers and we note that our results agree very well. 
TABLE I 
0 0 
0 0.5 
1.5 
2 
-1 0 1.9994 1166.427 
0.5 1.8890 864.245 
1.0 1.7944 664.184 
1.5 1.726 528.258 
2 1.6814 423.398 
0 0 5.3606 38,498.36 
0 0.5 5.3598 30,406.57 
1.5 5.3615 21,549.52 
2 5.3616 18.834.01 
-1 0 4.1824 22,894.438 
0.5 4.1254 18,123.330 
1 4.0036 12,716.899 
2 3.8506 10,847.109 
1st Mode 
3.126 
3.130 
3.1361 
3.1379 
2nd Mode 
3389.926 
2649.018 
1842.292 
1598.668 
Walowit et al. 
3394.6 
2653.3 
Harris and Reid 
1166.412 
Harris and Reid 
38,497X9 
Harris and Reid 
22,887.95 
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We conclude from this table that the values of Tcrit decrease very rapidly 
with increasing value of the parameter N when both cylinders are rotating 
in the opposite directions. Moreover, comparing the values of Tcrit for p = 0 
and p = -1, we observe that the flow is destabilised at smaller values of 
T,,,, due to the presence of the radial temperature gradient when both the 
cylinders are rotating in the opposite directions. 
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